Objective: This study aims to assess the exposure of those involved in street sweeping to the development of musculoskeletal disorders (MSDs) and related disabilities and tries to identify the individual risk factors thereof.
INTRODUCTION
The occupation of sweeping is a vigorous task that involves sweeping of assigned areas such as roads, footpaths, parks, markets and open settlements with the help of long-handle brooms and wheelbarrows and deposition of the waste in nearby community dustbins. This whole process requires continuous physical tasks such as manually sweeping in the standing posture for long durations, bending while collecting the swept waste, pushing and pulling the wheelbarrow, and manually lifting the baskets to deposit waste. A similar process is followed in other cities in India and other developing countries. The Municipal Corporation of Greater Mumbai (MCGM) has 9231 regular employees engaged in the Strengths and limitations of this study ▪ The present study assessed musculoskeletal disorders (MSDs) and MSD-related disabilities among street sweepers, whereas past studies have primarily focused on the occupational morbidities other than MSDs among street sweepers. ▪ The propensity score matching method was adopted to assess the exposure of street sweeping on the development of MSDs and related disabilities. ▪ Bias in recalling MSDs and disabilities is possible due to the reference period being 1 year long. ▪ The participants of the study carried out sweeping manually; hence, the results may be generalised with caution.
street sweeping occupation, and the corresponding figure must be many times higher for India as a whole. Numerous studies have concluded that the occupational exposure of sweeping is associated with the development of chronic respiratory diseases, skin diseases, eye irritation, asthma, tuberculosis and hypertension among workers. [1] [2] [3] [4] The other non-fatal injuries identified are mostly musculoskeletal in nature. Musculoskeletal disorders (MSDs) are defined as pain, ache or discomfort in any of the anatomical areas of the body, namely neck, shoulders, upper back, lower back, elbows, wrists or hands, hips or thighs, knees, and ankles or feet. 5 Past studies conducted among solid waste collectors suggest a higher probability among them of developing MSDs compared with the general population. [5] [6] [7] Workers involved in repetitious physical tasks by bending, lifting, pushing and pulling for long durations have been identified as facing the risk of developing MSDs. [8] [9] [10] So far, very few studies have been conducted among street sweepers and hardly any study has thoroughly assessed the risk of MSDs among street sweepers. Past studies conducted among street sweepers have predominantly focused on eye, skin and respiratory morbidities in India. 4 11-14 The present study, in contrast, aimed to assess the occupational exposure of sweeping to the development of MSDs as well as disabilities. Additionally, the study tried to identify the individual risk factors leading to the development of MSDs and disabilities among street sweepers.
MATERIALS AND METHODS Study design and participants
The study applied a cross-sectional design to assess the prevalence of MSDs and related disabilities among street sweepers compared with a comparison group. A street sweeper sweeps assigned areas-such as roads, residential areas, markets, public parks and open settlementsusing a long-handle broom and a wheelbarrow to deposit the collected waste in nearby community dustbins. Sweepers work 8 hours daily in pairs. A group of municipal workers not exposed to sweeping-including employees associated with fogging and pesticide spraying and peons having similar socioeconomic conditions-were selected as the comparison group. These employees were basically field workers of the MCGM, working continuously in the field, performing heavy physical tasks such as carrying necessary equipment/machines. Their work load was more or less similar to that of the sweepers.
The present study was primarily conducted to examine the major morbidities, including MSDs, among municipal street sweepers. The estimated sample size was 180 with a prevalence rate of 30 and a design effect of 1.25.
11 Applying stratified systematic random sampling design, the required sample was collected randomly from 6 out of 24 municipal wards of the MCGM based on the proportion of the slum population to the total population. At the first stage, all 24 municipal wards were arranged in the ascending order of their slum population and divided into three strata, that is, low, moderate and high. At the second stage, two wards were randomly selected from each stratum. Based on the list of employees provided by the Municipal Corporation, a representative sample of 60 employees from each ward (ie, 30 sweepers and 30 non-sweepers) was selected through systematic random sampling. Finally, a sample of 180 street sweepers and 180 non-sweepers were interviewed at the workplace from March to September 2015.
Measurements
A modified Standardized Nordic Questionnaire was adopted to assess the MSDs. 15 A diagram, with labels and arrows clearly indicating the different musculoskeletal regions, was used for the assessment of MSDs during the 12 months and the 7 days preceding the survey. The interview schedule collected information on the MSDs along with demographic, socioeconomic and occupational characteristics. Specifically, the schedule covered age, years of work, substance use, anthropometric measurements, job satisfaction, caste and mental health.
Variables

Outcome variables
The respondents who reported pain in nine anatomical regions-namely neck, shoulders, elbows, wrists/hands, upper back, lower back, hips/thighs, knees and anklesduring the 7 days and 12 months prior to the survey were considered to be morbid with MSDs. The sweepers who were prevented from doing normal day-to-day activities at home or away from home due to the MSDs in the preceding 12 months were classified and recoded as disabled.
Exposure classification
Age and years of working are significant predictors of development of MSDs among solid waste collectors, with the risk of MSDs increasing with increasing age and years of working. 5 Past studies have concluded that overweight and obesity are positively associated with MSDs because of the pressure exerted on the weight-bearing joints. 16 17 Symptoms of worry, tension, anxiety, work stress and low mood too have a correlation with musculoskeletal pain. [18] [19] [20] The prevalence of MSDs and disabilities can vary between groups of workers sharing different cultural characteristics; 21 therefore, caste of the workers was also considered.
Job satisfaction of employees also influences the prevalence of MSDs. 22 Job satisfaction is measured on a scale of 1-5, with 1 being very bad and 5 being very good. In the present study, the responses were scored as 1, 2, 3 in place of being measured using the Likert scale of 1-5 to eliminate any biases which might result from the respondents choosing responses 1 and 2 or 4 and 5, respectively. Finally, the responses were recoded as low, medium and high. Past studies show that psychosocial factors, such as mental health and job satisfaction, may increase or decrease the prevalence of MSDs among the street sweepers too. 21 The quantum of work that sweepers have to do in low or high slum concentration areas too may affect the prevalence of MSDs and related disabilities among them. Since sweeping in the slum areas is a more rigorous task due to unorganised garbage disposal, overflowing community dustbins and defaecation by the children on the footpaths, the workload can be higher. Therefore, the location of work was considered to be one of the risk factors. Based on the proportion of the slum population to the total population, the wards were divided into three categories, that is, low, moderate and high. Job satisfaction, location of work and mental health of sweepers were considered to be effect modifiers.
The mental health of sweepers was analysed by applying the General Health Questionnaire of 12 items (GHQ-12). 23 The workers were asked whether they had experienced any positive or negative emotions in the previous month. Each negative response was coded 1, while the absence of it was coded 0. The items were summed to a score for each respondent. The higher the score was from 0 to 12, the more severe the mental health problem was considered to be. Further, the score was divided into three categories, namely low, medium and high. The mental health scale has acceptable internal consistency (α=0.97). 24 
Statistical analysis
The data were entered in the CSPro.06 software and analysed using the STATA V.13 (StataCorp. Stata Satistical Software: Release 14. 2015) software. Descriptive statistics were used to understand the socioeconomic and occupational characteristics. Differences in the prevalence of MSDs and the related disabilities were tested using the χ 2 test. The differences in groups were tested using independent sample t-test. While assessing the exposure of the occupation of sweeping to the development of MSDs, the study adopted the nearest neighbourhood method of propensity score matching (PSM). 25 26 The method allowed assessment of the impact of exposure on the outcomes using cross-sectional survey data. The propensity score was estimated with the logistic regression analysis with the dichotomous exposure variable, for instance 1=exposed to sweeping and 0=unexposed to sweeping, using associated observed demographic and occupational characteristics and used as predictor variables. The principal assumption of the PSM is that the observable characteristics of the exposed and the comparison groups have similar distributions. This assumption test was applied by using the 'p score' command. The propensity score was calculated using the probability of exposure assignment given pre-exposure characteristics.
where D={0, 1} is the indicator of exposure and x is the multidimensional vector of pre-exposure characteristics.
The average exposure effect among the exposed (AEEE) is defined as the conditional expectation of difference in the exposure effect for the exposed units only. After matching the propensity scores of exposed and counterfactual scores of comparison group, we compared the outcomes between the groups. AEEE = EðDj pðxÞ; D ¼ 1Þ¼ Eðy 1 j pðxÞ; D ¼ 1Þ ÀE(y 0 j p(x); D = 1Þ
To calculate the impact of street sweeping on the development of MSDs and related disabilities during the previous 12 months, the average effects in both the groups were weighted by the proportion of respondents in the two groups. Further, to understand the individual risk factors for MSDs and disabilities among sweepers, multiple logistic regression analysis was applied.
Ethical considerations
As the study involved government employees, permission to conduct the primary survey was obtained from the MCGM. The informed consent of the participants was obtained in the local language, and the respondents were assured that the information would be confidential and used for research purposes only.
RESULTS
Characteristics of the study population
The socioeconomic and occupational characteristics of the street sweepers and the comparison group have been depicted in table 1. There was a small difference in the mean age of the street sweepers (37 years, SD±9.12) and that of the comparison group (38 years, SD±7.39). A similar pattern was observed while looking at the years of working of the street sweepers (11 years, SD±8.30) and those of the comparison group (11 years, SD±6.35). Substance use, such as alcohol consumption, smoking and chewing tobacco, was higher among the sweepers compared with the comparison group. For instance, nearly 70% of the sweepers reported using at least one type of substance. A little less than one-third reported using two or more types of substance. The corresponding figure for the comparison group was 19%. Further, 17% of the street sweepers reported that they were not satisfied with their occupation, and 8% of the comparison group did so. The prevalence of MSDs and related disabilities during the previous 12 months in various musculoskeletal sites has been presented in table 2 both for the street sweepers and for the comparison group. The results show that the street sweepers were at a significantly higher risk of developing MSDs compared with the comparison group, specifically for the shoulders (32%), wrists/hands (29%), elbows (27%) and neck (17%). These figures were 11%, 19%, 9% and 11%, respectively, for the comparison group. Similarly, the street sweepers differed significantly from the comparison group in terms of disabilities suffered during the previous 12 months. For instance, the percentage of sweepers who suffered disability due to pain in the lower back, upper back, wrists/hands, shoulders, elbows and hips/thighs was 27%, 27%, 26%, 24%, 23% and 17%, respectively. In the case of the comparison group, the corresponding figures were 18%, 19%, 13%, 9%, 6% and 8%, respectively. Additionally, the incidence of MSDs during the previous 7 days was significantly higher among the sweepers, particularly for the upper back (19%), wrists/hands (17%), hips/thighs (17%), elbows (16%), lower back (15%) and shoulders (11%) compared with the comparison group (4%, 3%, 7%, 4%, 9% and 4%, respectively).
Street sweeping augments the MSDs
In order to assess the effects of sweeping on the development of MSDs, the PSM method was employed. The results have been exhibited in table 3 in terms of the AEEE for MSDs and disabilities during the previous 12 months. The results of the AEEE highlighted that the occupation of sweeping raised the episodes of MSDs, particularly for the shoulders (17%), wrists/hands (14%), elbows (13%), upper back (12%), neck (10%) and hips/thighs (9%). A similar pattern was observed for MSD led disabilities, which were significantly higher for the shoulders (16%), lower back (14%), wrists/ hands (14%), upper back (13%), elbows (13%) and hips/thighs (12%). In a nutshell, the results of the PSM demonstrated that the occupation of sweeping significantly enhanced MSDs and disabilities. The location of work too was found to be a significant predictor of developing MSDs. Sweepers working in high slum concentration areas were more likely to get MSDs in the hips/thighs (OR=10.64; p<0.01), lower back (OR=5.22; p<0.01) and elbows (OR=0.23; p<0.01) as compared with those working in the low slum concentration areas.
Factors associated with MSDs
An inquiry was also made to identify the individual factors enhancing the risk of disabilities during the previous 12 months. The results of the inquiry depicted in table 5-suggested that the number of years of working is significantly correlated with disabilities. More specifically, the sweepers working for 10 and more years were significantly more likely to suffer from disabilities in the elbows (OR=8.12; p<0.01), hips/ thighs (OR=6.27; p<0.01), wrists/hands (OR=4.98; p<0.01), upper back (OR=4.40; p<0.01) and lower back (OR=3.45; p<0.01) as compared with those working for <10 years. Job satisfaction and mental health were not found to be significantly correlated with disabilities among the sweepers. The sweepers working in the high slum concentration areas were significantly more likely to develop disabilities in the hips/thighs (OR=16.17; p<0.01), lower back (OR=7.79; p<0.01), upper back (OR=3.20; p<0.01) and elbows (OR=0.22; p<0.01), as compared with the sweepers working in the low slum concentration areas. 
DISCUSSION
Sweepers work for long hours in public places using long-handle brooms along with wheelbarrows. This repetitive, rigorous occupation increases the prevalence of MSDs and related disabilities among the street sweepers compared with the comparison group. The results of bivariate analysis showed that the prevalence of MSDs among the street sweepers was significantly higher for the shoulders (32%), wrists/hands (29%) and elbows (27%) as compared with the comparison group during the previous 12 months. Field observation suggested that this may be because of continuous sweeping with long-handle brooms and carrying collected waste in the wheelbarrows to the community dustbins manually in an unvarying posture. MSDs among street sweepers were also found to be significantly higher for the lower back (27%), wrists/hands (26%), shoulders (24%), elbows (23%) and hips/thighs (17%) as compared with the comparison group over the previous 12 months. The results of the PSM method revealed that the AEEE to the sweeping occupation significantly enhanced the prevalence of the MSDs for the shoulders (17%), wrists/hands (14%), elbows (13%) and upper back (12%). A similar pattern was observed in case of disabilities, particularly for those of the shoulders (16%), wrists/hands (14%), lower back (14%), elbows (13%) and upper back (13%). After adjusting for the age, the BMI and the caste of the street sweepers, the results of the multivariate logistic regression model revealed that years of working, job satisfaction and location of work were significantly correlated with pain in the shoulders, elbows, wrists/hands, lower back, upper back and hips/ thighs.
The location of work emerged as a significant predictor of increased likelihood of MSDs and related disabilities among the street sweepers due to the higher quantum of work in the high slum concentration areas. In the absence of any studies on MSDs among the street sweepers, the results of the present study are comparable with the other studies conducted among the solid waste workers except in the case of knee and ankle disorders. 3 4 11 27 28 This may be because the street sweepers are not engaged in lifting heavy loads continuously or for carrying them for long duration, as a result of which they do not put as much pressure on the knees and ankles as those engaged in solid waste collection. A cross-sectional study conducted in Iran among 217 municipal solid waste workers showed a higher prevalence of the MSDs for lower back (45%), knees (29%), shoulders (24%), upper back (23%) and neck (22%) as compared with the comparison group. 5 A similar study conducted in India among 313 waste workers concluded that the prevalence of MSDs was higher among the solid waste workers, particularly for the knees (39%), lower back (33%), shoulders (30%), elbows (27%), ankles (22%), wrists (21%) and neck (17%). 11 These findings are in tune with the present study in offering the evidence that workers associated with municipal solid waste management have higher MSDs compared with the general population. The results of the study may be generalised for the street sweepers of India and other developing countries where sweeping is carried out manually.
Past meta-analysis studies have indicated that substance use-such as alcohol consumption, smoking and chewing tobacco-affects the physical capacity for work and causes musculoskeletal pain. 29 30 We observed that 7 out of 10 sweepers were using at least one substance (tobacco, smoking or alcohol) and that around one-third of them were using two or more substances.
The occupational structure in India is influenced by the social structure and the caste system. The scheduled caste (SC) communities, that is, communities which were previously considered untouchable and were economically the weakest were historically assigned cleaning or menial work and were discriminated against. 31 Today, things have not changed much and it is seen that the majority of the employees working in solid waste management belong to the SCs. The present study shows that more than 86% of the sweepers belong to the SCs and that only a marginal proportion come from the other caste groups.
Limitations of the study
In the present study, biases might have occurred due to subjectivity in the response since the severity of MSDs was not quantified. We have adopted the standard tool to assess the self-reported MSDs and validated methods which helped us to avoid biases. Moreover, the chances of misreporting are low as the study guaranteed confidentiality and assurance. The cross-sectional survey method used for data collection may have underestimated or overestimated the actual prevalence of MSDs and related disabilities due to a year long reference period, which may have led to recall bias. Additionally, the cross-sectional study design has a limitation of conducting survey at one time point and therefore it gives no indication of the sequence of events. 32 There may also be seasonal variations in the prevalence rate of MSDs among sweepers. For instance, the prevalence of MSDs may increase during the rainy season because of the waste getting wet and therefore requiring extra energy for sweeping than in the other seasons. Previous studies have revealed a significant relationship between seasonal variations in the work environment and the health risk posed to the workers associated with waste collection. 33 Since the survey for the present study was carried out at a specific point in time, seasonal variations in the prevalence of MSDs were not covered. This study was conducted among municipal street sweepers sweeping public places; the results may be generalised with caution.
Past studies have demonstrated that job rotation between waste collectors, street sweepers and drivers helps to reduce the workload as well as the risk of MSDs. 34 Sweepers sweeping in high slum concentration areas may be shifted to low slum concentration areas since the workload varies by place of work. Job rotation and change in the place of work may reduce the risk of MSDs and related disabilities. The burden of disabilities may be reduced by taking curative measures at an early stage and by providing proper treatment.
